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ABSTRACT 


NATURAL  DRUG  RESISTANCE  OF  HETEROGENEOUS 
SINGLE  CELL  TRANSPLANTS 


Tomiao  Yoshida 

The  Medical  Institute  of  Sasaki  Foundation,  Tokyo 


Population  analysis  of  a  cancer  clone  derived 
from  a  single  cancer  oell  was  made,  using  a  clonal 
transplant-strain  of  the  rat  ascites  hepatoma,  CL- 
1-AH-66F.  The  natural  resistance  to  nitrogen  mustard 
N-oxide  and  the  chromosomal  constitution  were  studied, 
after  establishing  subclonal  tumors  from  the  original 
clone  CL-1-AH-66F,  The  results  indicated  the  follow¬ 
ing  faots: 

1.  The  cancer  clone  is  not  a  uniform  but  a  complex 
population  of  cells  with  different  degrees  of  drug 
resistance. 

2.  The  degree  of  drug  resistance  of  the  orignal  clone 
and  its  subelonee  varies  naturally  within  a  certain 
range  during  serial  passages  of  them  in  compatible 
hosts. 

3.  No  specific  correlation  was  found  between  the  de¬ 
gree  of  dru,£  resistance  and  chromosomal  feature  of 
the  subelones. 

4.  It  was  suggested  that  the  variation  in  drug  re¬ 
sistance  of  cancer  done  is  not  always  associated  to  the 
genetic  heterogeneity  of  cells  in  the  cancer  clone. 
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NATURAL  DRUG  RESISTANCE  OF  HETEROGENEOUS  SINGLE  CELL 
TRANSPLANTS  —  STUDIES  ON  THE  NATURAL  RESISTANCE 
TO  NITROGEN  MUSTARD  N-OXIDS  AND  CHROMOSOMES 
OF  CELLS  WITHIN  A  CLONAL  CANCER 
CELL  POPULATION 

I.  INTRODUCTION 

A  cancer  is  a  single  clinical  entity,  but  there 
is  a  considerable  degree  of  variation  among  its  cell 
population*  Chromosomal  variations  have  been  demon¬ 
strated  by  many  karyologiots.  No  single  chromosome 
number  is  absolutely  predominant  in  a  cancer  cell 
population.  Eveh  cells  of  a  single-cell-derived 
career  clone  differ  from  each  other  in  their  chromo¬ 
somal  features,  and  stable  polyploid  clones  have 
been  isolated  from  predominantly  near-diploid  cancer 
cell  populations, 3) 

Celia  within  a  cancer  differ  from  each  other  in 
their  degrees  of  natural  resistance  to  nitrogen 
mustard  N-oxide  (HNg  N-oxide)  and  the  degrees  vary 
naturally  around  a  certain  level  during  anirrai 
passages  of  that  tumor. 5)  The  term  "natural  re¬ 
sistance"  is  usod  here  to  denote  the  drug  resistance 
which  the  tumor  shows  at  its  onset,  in  contrast  to 
"acquired"  or  "induced"  resistance  which  develops 
following  repeated  contact  of  the  tumor  cells  with 
the  drug. 

The  acquired  or  induced  drug  resistance  of  some 
tumors  is  accompanied  by  chromosomal  changes  of 
their  cells, 1'  However,  the  visible  chromosomal 
Ohange  does  not  always  reflect  the  altered  drug  re¬ 
sistance,  A  near-tetraploid  clone  isolated  from  „ne 
Yoshida  sarcoma,  a  predominantly  near-diploid  tumor 
cell  population,  showed  the  same  degree  of  re¬ 
sistance  to  nitrogen  mustard  (HNg)  as  the  parental 
population. 6) 

The  present  study  attempts  to  demonstrate ; 
s)  whether  cellular  constitution  of  e.  single-cell- 
derived  clonal  cancer  cell  population  ie  uniforw  aa 
regards  the  degree  of  natural  drug  resistance ; 
b)  whether  the  degree  6f  natural  drug  reoiotanoe 
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of  the  cancer  clone  varies  during  animal  passages; 

and 

c)  whether  any  correlation  Is  found  between  the  de» 
gree  of  natural  drug  resistance  and  chromosomal 
features  of  cells  in  the  cancer  clone. 


II.  MATERIAL  AND  METHOD 
1.  CL-1-AH-66F,  a  clonal  tumor. 

A  clonal  eubline  tumor  of  the  ascites  hepatoma 

AH-66F  of  the  rat,  deeigiated  as  CL-1-AH-66F,  was 
employed.  this  clone  was  originally  established  by 
tranaplantatlon  of  a  single  cell  of  the  AH-66F  and 
then  maintained  by  serial  passages  in  "Donryu"  rats, 
lhe  0L-1»AH*66F  showed  a  uniform  growth  and  100% 

C  lethal  takes  in  the  rata.  Morphologically,  the  CL- 

1“AH-66F  is  a  free  oell  tumor  aa  seen  from  Figure  l 


Figure  1.  Phase-contra at  microscopic  view  of  a 
elnfle-eell-derived  cancer  clone, 
CL-1-AH-66F.  Individually  isolated 
hepatoma  cells.  51*t  transplant 
generation 
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a"d  the  tumor  cells  do  not  nake  cell-cluntero  or  - 
bonding  in  asoitio  fluid  but  they  proliferate  as 
Individually  ioolatod  single  cello.,  The  rooir.tanoe 
to  KNg  N-oxida  and  chromosomes  of  the  CL-l-AH-Sop 
were  examined  using  the  aeoiteas  of  the  5^rd  tronov 
plant  generation,  and  every  10th  subsequent  trans¬ 
plant  generation* 

2.  Establishment  of  suholonal  tuniorR  from  CL- 

1-AH-66P. 

Single  oell  transplan tat ion a  were  carried  out, 
uming  the  asoites  of  the  CL-1-AH-66F.  At  the  time 
of  the  transplantation,  the  clone  CL-1-AK-66F  was 
between  51at  to  52nd  aerial  transplant  generation. 
The  asoltea  inoluding  well-proliferated  tumor  cells 
waa  removed  from  the  rat  4  days  after  intraperi- 
toaeal  tranaplantatior  with  10?  CL-1-AK-66F  cells. 
Ike  aaaltee  was  diluted  with  a  mixture  of  equal 
amount  of  horae  serum  and  Hanks'  balanced  saline 
solution  to  such  a  degree  that  a  droplet  of  this 
diluted  ascites  might  oontain  only  one  or  a  few 
oella.  The  degreu  of  dilution  varied  with  differ¬ 
ent  density  of  tumor  oelle  in  the  original  ancitea, 
but  it  was  always  over  50,000  times,  A  droplot, 
oonflrmod  miorosoopioally  as  Inoluding  only  one 
oell,  wao  smoked  into  a  glasa  microcapillary  by 
the  aid  of  mioromanipulator  and  injected  intra^* 
peritoneally  into  a  normal  rat.  Ascitic  fluid  of 
the  injeoted  animal  was  examined  every  4  days 
after  the  injootion  as  a  rule.  When  the  trans¬ 
plantation  \7ae  auooeseful  and  the  oell  was  found 
aotivejy  multiplying,  10?  oello  were  transplanted 
Into  eaoh  rat  of  the  groups  oerving  to  examine 
natural  drug  rqaiotance  and  chromosomal  features. 

A  total  of  100  single  oell  transplantations  wan 
carried  out. 

J.  Examination  of  natural  drug  resistance 


HHg  H-oxide,  methyl-biSTf-chlorocfchylaainc  N- 
codde,  oauaee  a  oharaoteriatic  cytolcgical  effect 
on  amoltes  tumor  oella.  Scattering,  coagulation 
and  laoeration  of  chromosomes,  chromosome-bridge 
and  formation  of  giant  tumor  cells  as  well  as 
their  necrosis  take  the  majority  of  the  effect. 
Atmme  oharge#  are  very  conspicuous  so  that  the 
Qhmngoa  were  used  for  the  determination  of  grade 
of  reilmtanoe.5)  The  procedure  won  as  follows. 


The  rats  bearing  the  clone  CL-1-AH-66F  or  its  sub- 
Slones,  were  injected  intraperitoneally  with  various 
doses  of  HNg  N-cxide  3  days  after  transplantation 
with  10?  tumor  cells.  The  injected  drug  will  come 
1a  contact  in  tne  oame  way  with  all  of  tumor  cells 
floating  in  ascites.  The  ascites  of  injected  rats 
were  microscopically  examined  for  the  cytological 
effect  caused  by  the  drug  using  Giemsa-stained 
smears  every  24  hours  until  96  hours  after  the  drug 
injection.  The  procedure  was  repeated  and  the  mini¬ 
mum  dose  of  the  drug  required  to  induce  the  cytolo¬ 
gical  effect  on  one-half  of  all  tumor  cells  present 
was  determined  and  'esignated  as  the  minimum  ef¬ 
fective  dose  —  MED.  The  MED  was  represented  as 
indicator  of  the  degree  of  natural  resistance  to  the 
drug.  The  larger  the  MED  of  a  tumor  is,  the  more 
resistant  to  the  drug  the  tumor  is,  and  vice  versa. 

4.  Examination  of  chromosomes. 

Colchicine- treated  4-day-old  tumor  ascites  of 
the  original  clone  CL-l-AH-661  or  its  subclones  were 
used.  Five  hours  before  the  ascites  sampling,  each 
of  the  tumor  animals  was  injected  intraperitoneally 
with  oolchicine  dissolved  in  physiological  saline, 
in  a  dose  of  0.03?  mg/kg  of  body  weight.  The  ascites 
obtained  was  mixed  in  a  test  tube  with  0.04  mol. 

Nad  solution  kept  at  37°C.  Ratio  of  the  ascites  to 
the  NaCl  solution  was  i:20.  After  shaking  the  tube 
rigorously,  it  was  kept  at  37° C  for  about  10  minutes. 
The  fluid  was  centrifuged  and  the  supernatant  was 
decanted.  The  sedimented  tumor  material  was  stained 
by  addition  of  aceto-orcein  solution  of  about  3 
volumes  of  the  tumor  material,  stirring  with  a  glass 
rod.  A  drop  of  the  material  was  placed  on  a  elide 
glass,  covered  with  a  cover  slip  under  pressure  and 
saaled  with  balsam-paraffin.  Fifty  well-spread 
metaphase  plates  wore  observed  for  each  preparation, 
Magnlfi  cation  used  for  tho  examination  was  1,00CX. 

All  the  observed  metaphase  chrorosomes  were  or  awn 
and  photographic  records  were  made,  ihe  number  of 
chromosomes  and  their  morphological  characteristics 
were  studied. 

5.  Serial  transplantations  of  tho  clono  CL-1- 
AH-66F  and  its  subclcnco. 

The  original  clonal  tumor  CL-1-AH-66F  and  its  6 
eubclonal  tumors  have  been  successively  transplanted 
In  Donryu  rate.  The  number  of  inoculated  colij  was 
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10?  at  every  transplantation*  The  6  subclones  usbd 
were  those  with  different  MED  and/or  ploidy  as  de¬ 
scribed  later.  They  were  selected  from  all  the  sub- 
clores  developed  by  the  single  cell  transplantations* 
The  MED  and  chromosomes  of  these  6  subclones  were 
studied  at  every  10th  transplant  generation  and  com¬ 
pared  with  each  other  and  with  those  of  the  original 
done  CL-1-AH-66F.  Throughout  these  experiments, 
male  Donryu  rats  weighing  about  lOOg  were  employed* 
3&e  animals  are  genetically  high  homogeneous  strain 
of  rat?)  and  their  susceptibility  to  the  transplan¬ 
tation  of  CL-1-AH-66F  cells  was  100%,  as  stated 
above*  They  were  housed  in  metal  cages,  5  to  a  cage. 
The  semisynthetic  cube  diet  (CE-2,  Central  Lab.  Exp. 
Animals,  Tokyo)  and  water  ware  given  ad  libitum. 


III.  RESULT 

1*  Natural  resistance  to  HNg  N-oxide  of  clone 
CL-1-AH-66F  and  its  subclonts. 

An  ascites  tumor  developed  in  44  of  100  rats 
whi«h  received  a  single  CL-1-AH-66F  cel3  intraperi- 
toneally*  Twenty-eight  of  these  44  subclonal  tumors 
were  examined  for  their  MEDs,  Results  of  this  exami¬ 
nation  revealed  that  5  types  of  subclones  whioh 
dif.ared  in  the  MED  had  been  derived  from  tie  single 
original  transplanted  cells  (Table  1).  One  of  the 


Table  1 

Natural  Resistance  to  HNg  N-oxide  of  Subclonal 
Tumors  from  Clone  CL-1-AH-66F 


No*  of  cubolones 


MED  of  HN5  N-oxide 


tin  p 

(mg/kg) 


CL-1-AH-66F,  parental  .  _ 

clonal  oell  population  1,0 

Examinations!  CL-1-AH-66F,  53rd  gen.;  Subolones, 
1st  gen. 


types  of  the  subclones  showed  the  same  MED  as  the 
original  clone  CL-1-AH-66F,  while  the  remaining  4 
types  of  the  subclones  had  MEDs  which  were  higher  or 
lower  as  compared  with  that  of  the  original  clone* 
This  means  that  the  clonal  tumor  CL-1-AH-66F  is  a 
complex  of  at  least  5  kinds  of  cello  regarding  the 
degree  of  natural  resistance,  to  HNp  K-oxide. 
Therefore,  t}.  j  drug  si  stance  of  the  clone  is  the 

averaged  sum  of  that  of  all  its  constituents /with 
different  degrees  of  resistance. 

2*  Variation  in  natural  resistance  to  HNg  N- 
03d.de  of  clone  CL-1-AH-66F  and  its  6  subclones 
during  serial  animal  transfers. 

Repeated  examinations  for  the  MED  of  clone  CL-1- 
AH-66F  and  its  6  sub clones  were  performed  at  differ¬ 
ent  transplant  generations.  Results  are  indicated 
in  Table  2.  The  MED  of  the  parental  clone  was  1*0 


Table  2 

Natural  Resistance  to  HN2  N-oxida  of  Clone  CX,-1-AH- 
66F  its  6  Subclones  during  Serial  Animal  Passages 


Generation 


MED  (mg/kg) 


1st 

10  th 

20th 

30th 

4oth 

50th 

Sub cl on o-i 

10.0 

5.0 

5.0 

5.0 

0.5 

1.0 

Sub  c.lone-2 

5.0 

1.0 

0.5 

X  »  0 

0.5 

-L.0 

Sub cl one- 3 

1*0 

1.0 

1.0 

1.0 

5.0 

0.5 

Sub cion a-4 

1.0 

1.0 

1,0 

1.0 

0.5 

0.5 

Subclone-5 

0.5 

1.0 

1.0 

1.0 

1.0 

0.5 

Subclcne-6 

0,1 

0.5 

1.0 

1.0 

1.0 

1.0 

CL— 1 — Ad—  0  6  F 
parental  clone 

1.0 

5.0 

0.5 

1.0 

1.0 

1.0 

(gen, ) 

(55) 

(62) 

(72) 

(82) 

(92) 

(102‘) 

at  the  first  examination.  Although  it  varied  upwards 
and  downwards  during  tho  subsequent  20  passages  it 
settled  at  the  MET)  level  of  1,0  at  the  latest  J>0 
transplant  generations.  The  MEDs  of  more  resistant 
eubclones,  i.e.  Subclono-l  ancl  Subclone»2,  decreased 
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gradually  whereas  those  of  less  resistant  ones,  i.e* 
Subclone-5  and  Subclone-6,  increased  with  repeated 
aaiaal  passages*  The  remaining  2  subclones,  Sub- 
el  one-  3  and  Subclone-4,  also  varied  in  their  MEDs 
*«lir©ugh  the  passages*  All  these  subclones  reached 
* —  1.0  or  0*5  MED  level  at  the  30th  transplant  gener¬ 
ation*  This  means  that  the  MEDs  of  the  original 
clone  and  aubclones  naturally  vary  during  animal 
passages  around  the  MED  level  of  1*0  of  the  original 
clone  and  even  the  subclones  whose  MEDs  deviated  at 
first  far  upwards  or  downwards  from  the  MED  of  the 
original  parental  clone  showed  later  the  MED  level 
of  the  original  clone*  The  range  of  variation  wees 
evidently  within  the  MED  levels  0.1-10.0  shown  by 
different  subclones  when  established  from  the  orig¬ 
inal  clone  CL-1-AH-66F, 


3*  Chromosome  features  of  clone  CL-1-AH-66F  and 
its  6  aubclones. 


The  chromosome  numbers  of  the  original  clone 
and  its  eub&on&G  are  shown  in  Figure  2.  A  slight 


Mid  Uummu 


Figure  2.  Distribution  of  chromosome  number 
and  MED  of  original  clone  CL-l-AH- 
66F  and  its  6  subclones* 

Examinations:  CL-1-AH-66F,  53rd  gen.;  Subclones, 
1st  gen* 


variation  with  the  nodal  peak  ia  seen  in  th®  distri¬ 
bution  of  chromosome  number*  The  modal  chromosome 
number  of  4  aubolones,  i.e.  Subclone-1,  Subclon®-2, 
Subolone-4  and  8ubclone-5,  was  38,  a  near-diploid 
number ;  the  ease  number  aa  that  of  the  original 
clone*  The  modal  chromosome  number  of  Subclone-3 
•aa  76,  Just  double  the  number  of  the  modal  chromo¬ 
some  number  of  the  original  clone,  while  that  of  Sub- 
clone-6  was  37,  the  number  differing  very  slightly 
but  distinctly  from  the  modal  chromosome  number  of 
the  original  done* 

Figure  3  shows  typical  metaphase  chromosomes 
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Figure  3*  Typical  metaphase  chromosomes  of  the 
original  done  CL-1-AH-66F  and  its  6 
eub clones.  Chromosomes  were  arranged 
from  left  to  right  in  order  of  de¬ 
creasing  length  in  groups  of  the  same 
types,  telooentrie,  submeta-  or  sub- 
telo-centrio,  metaoentric  and  minnte 
ones*  Markers  are  indicated  by  .the 
symbol  1  •  Numbers  of  chromosomes 
are  shown  in  parentheses* 

Examinations •  CL-l-AH- 66F,  33rd  gen*  {  Subclones, 
1st  gen* 


which  are  most:  frequent  in  the  modal  regions  of  the 
original  clone  and  its  6  subclones.  The  chromosomes 
were  classified,  according  to  the  location  of  the 
Constriction  or  size,  into  4  types,  telocentric  (T) , 
metacentric  (M),  subtelocentric  or  submetacentric  (8) 
and  minute  (m)  chromosomes.  The  length  ratio  of  both 
arms  of  M  chromosome  ranged  from  1:1  to  1S1*3*  All 
the  chromosomes  were  arranged  in  the  order  of  de¬ 
creasing  size  in-  groups  of  the  same  type*  The  number 
of  each  type  of  chromosomes  varied  slightly  even  in 
the  modal  idiogram,  but  the  most  frequent  pattern  is 
indicated  in  Figure  3* 

Morphologically,  not  all  the  ohromosomes  in  each 
of  the  present  near-diploid  tumors  could  be  brought 
into  pairs*  Two  kinds  of  chromosomes  with  conspicuous 
shape  and  size  were  noticed*  One  of  the  largest  S 
(submetacentric)  and  one  m  chromosome,  shown  by  the 
symbol  J  in  Figure  3t  were  present  in  the  chromosomes 
of  the  original  clone*  These  characteristic  chromo¬ 
somes  present  "markers"  for  the  ohromosomal  pattern 
of  CL-1-AH-66F.  The  markers  were  also  deteoted  in 
each  subclone*  Subclone-3  cells  with  doubled  the 
number  of  chromosomes  of  the  original  clone  had  2  of 
each  marker  chromosome* 

The  chromosome  number  and  chromosomal  pattern  of 
4  subclones,  l*e.  Subclone-1,  Subolone-2,  Subclone-4 
and  Subclono-5,  showed  oompxete  conformity  to  those 
of  tho  original  clone.  Therefore,  it  is  evident  that 
those  4  subclones  were  derived  reeepectively  from 
single  cells  of  tho  modal  area  of  „he  original  clone* 
It  is  unlikely,  however,  that  Subclone-3  with  the 
modal  chromosome  number  of  ?6  is  a  descendant  of  a 
single  polyploid  cell  of  the  original  clone.  In  the 
population  of  Subclone-3  thore  are  cells  of  38  chromo¬ 
somes,  though  they  are  les  frequent,  whioh  are  quite 
identical  to  those  of  the  modal  region  of  the  original 
done*  It  is  difficult  to  believe  that  during  mitotic 
division  of  1  single  original  tetraploid  cell  it  pro¬ 
duces  diploid  cells  with  just  one-half  the  chromosome 
composition  of  the  original  polyploid.  On  the  other 
hand,  it  is  a  well-known  fact  that  totraploid  cells 
develop  from  diploid  cells*  This  would  suggest  that 
the  near-diploid  oells  in  Subclone-3  were  not  derived 
iron  a  near- tetraploid  cell  of  the  original  clone* 
Hec-tetraplolde  predominating  in  SrbdLone-3  could  be 
descendants  whioh  ooorrod  during  proliferations  of  the 
original  transplanted  near-diploid  cell* 


Th®  chromosome  pattern  of  Suboloae-6  shoved  that 
a  small  S  ocr  M  element  ia  lacking  compared  to  the  stt 
of  38  chromosome »  of  the  original  clone*  This  type 
of  ohromosooe  pattern  was  detected  in  loss  that  10#  in 
the  original  elone  of  the  33rd  generation* 

As  seen  from  Figure  2,  3  subcloneesSubclone-l, 
0ubclene-2  and  8ubclone-5|  whose  chromosomal  patterns 
are  the  same  as  those  of  the  original  elone t  differed 
ia  MSB  of  BK;>  H-esd.de  from  the  other  subolones  and 
the  original  elone*  Subelcne-3  «nd  Subclone -4,  which 
shoved  the  same  MSB  aa  the  original  elone,  differed 
ia  ploidy.  This  means  that  ths  chromosomal  feature  of 
lasers  have  no  special  relationahlp  to  their  degree  of 
drat  resistance*  Subclone-6  differed  ia  both  ehreno- 
soaal  peettem  and  MSB  from  its  original  done. 

4*  Variations  in  ohromosoaal  features  and  MEDs 
of  cions  CL-1-AR-66F  and  its  6  subclones* 

Results  of  the  repeated  examinations  of  chromo¬ 
somes  of  eaoh  tumor  line  are  indicated  in  Figure  4* 


Figure  4*  Distribution  of  ohremoaoma  number  and 
MSB  of  original  clone  CL-l-AH-66/  sad 
its  6  subolones  at  diffsrent  trans¬ 
plant  generations  of  animal  passages* 
Humber  in  parentheses  shows  MSB. 
Underline  number  in dies tea  transplant 
genera tien  ef  the  original  done* 
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The  modal  chromosome  number  of  the  original  clone  was 
38  at  the  first  examination  as  stated  already,  but  a 
very  slight  and  temporary  shift  from  38  to  39  in  the 
modal  number  was  found  9  passages  later,  then  the 
number  again  fell  to  38  and  was  stable  thereafter, 

The  modal  chromosome  number  of  Subclone-1  stayed  at 
38  for  30  passages  but  then  changed  to  73  where  it 
remained  through  the  30th  transplant  generation.  No 
variations  were  deteoted  in  the  modal  chromosome 
numbers  of  Subclone-2,  Subclone-4  and  Subclone-3, 

The  modal  chromosome  number  of  Subolone-3  was  ?6  and 
it  remained  at  this  level  during  30  animal  transfers, 
but  deor eased  to  74  at  the  40th  transplant  generation 
where  it  remained  at  the  30th  transplant  generation. 

In  the  remaining  Sub cl one -6  the  modal  chromosome 
number  was  first  37 t  but  then  it  rose  to  73  at  the 
lOtfa  generation  and  persisted  to  the  40th  transfer  of 
this  subclone,  and  then  decreased  to  72  at  the  30th 
transplant  generation. 

Comparative  studies  of  modal  chromosome  patterns 
demonstrated  that  no  marked  varia  tions  occurred  in 
8ubolone-2,  Subolone-4  and  Subdlone-3  during  their  30 
passages.  As  to  the  remaining  subclones  and  the  orig¬ 
inal  done,  the  following  findings  were  obtained, 

(1)  Original  done,  CL-1-AH-66F.  The  shift  from  38 
to  39  in  the  modal  chromosome  number  was  reflected  by 
one  small  S  or  N  type  ohromosome  in  addition  to  the 
original  set  of  38  modal  chromosomes  of  the  33rd 
transplant  generation.  The  same  pattern  of  39  ele¬ 
ments  was  also  found  in  about  8$  of  the  metaphases  of 
the  33rd  generation,  Sven  when  the  modal  ohromosome 
number  was  39,  cells  with  the  original  set  of  38  ele¬ 
ments  were  deteoted  in  about  £>%  of  the  cells  and  suoh 
cells  were  in  the  majority  again  in  later  transfers  of 
the  original  clone, 

(2)  Sub clone-1.  The  modal  pattern  of  38  chromosomes 
persisted  during  30  transfers.  The  modal  chromosomes 
in  the  40th  and  30th  generations  showed  that  T,  M  and 
a  elements  doubled  in  number,  compared  to  the  original 
set,  while  the  number  of  S  chromosomes? was  lees  than 
the  expmted  double  number.  There  was  a  2-fold  increase 
in  the  S  and  a  marker  ohromosomes, 

(3)  Subolone-3,  The  modal  ohromosome  number  of  76, 
in  the  first  30  transplant  generations  was  reflected 
by  the  presenoe  of  each  element  in  just  the  double  the 
number  of  chromosomes  as  in  the  original  clone.  The 
shift  trm  78  to  ?4  was  seen  with  the  decrease  of 
small  8  cr  N  elements, 

(4)  8ubelone-6,  The  modal  number  of  ohromosomes  was 
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£  3?  at  first*  Tbs  modal  ohromosome  pattern  in  the  10th 

to  the  40  generations  revealed  almost  twice  the  number 
of  eaeh  type  of  the  37  chromosomes  with  only  one  de- 
fioient  small  S  or  M  chromosome*  In  the  30th  transfer, 
one  more  element  of  small  S  or  M  was  lost* 

the  modal  ohroaosomes  of  the  6  subclones  of  the 
30th  generation  are  shown  in  Figure  3* 
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Figure  5*  Typical  metaphase  ohroaosooes  of  the 
original  olone  CL-1-AB-66F  and  its  6 
subolones.  Compare  with  Figure  3  end 
note  the  difference  in  chromosomal 
patterns  of  Subolone-1,  8ubolone-3  and 
Subolone-6* 

laminations t  CL-1-AH-66F,  102nd  gen*;  Subolones, 
30th  gen* 


Polyploid  oells  where  oeour  in  the  near-diploid 
sail  papulation  beoone  the  predominant  oell  type 
oeeasioially*  However,  it  seems  to  be  rare  that  near- 
tetraploids  with  exaot  doubled  sets  of  the  original 


12 


6 


# 


near-diploid  chromoeomea  predominate  in  a  cancer  cell 
population  for  long  periods  of  animal  passages*  As 
seen  in  the  case  of  Subolone-3»  the  observed  ploidy 
change  may  be  expressed  as  2n'  -*  4n’->  4n*-x,  when  the 
original  pattern  of  chromosomes  shown  by  2n’.  Similar 
variations  might  be  possible  for  the  development  of 
near-tetraploid  Subclone-1  and  Subclone-6,  although 
the  modal  predominance  of  cells  with  just  76  or  ?4 
chromosomes  -exact  doubling  of  chromosomes  of  the 
onset  of  these  subclones,  was  not  encountered  by  the 
present  limited  number  of  chromosome  examinations  at 
intervals* 

Comparative  studies  of  MEDs  and  chromosome 
features  of  eqch  tumor  line  at  various  transfer  gen¬ 
erations  disolosed  that  there  «e  no  speoifio  corre¬ 
lations  between  them.  The  degree  of  drug  reeistanee 
and  chromosomal  features  in  canoer  done  can  vary 
independently, 

3.  Growth  characteristics  of  olone  CI-l-A.'  66F 
and  its  6  subclones* 

Transplan  tat  ility  and  host  survive"-  time  of 
these  olonal  and  subclonal  tumors  showed  a  considerable 
similarity  (Table  3),  The  incidence  of  lethal  "takes" 


Table  3 

Tranaplantability  and  Survival  Time  of 
Hosts  of  CL-1-AH-66F  and  its  6  Subclones 


Tumors 

Generations 

Ho*  of 
Recipients 

1 

Takes  % 

time  in  days 

CL-1-AH-66F 

53-ica 

98 

98  100.0 

9 

Subolone-1 

1-30 

98 

98  100.0 

9 

Subolone-2 

1-50 

96 

96  100.0 

9 

6ubclont-3 

1-50 

94 

94  100.0 

9 

iubolone-4 

1-50 

93 

93  100.0 

9 

Sub cl one -5 

1-50 

97 

9?  100.0 

9 

Subolone-6 

1-50 

96 

96  100.0 

10 

was  100%  for  each  tumor  line*  Median  survival  time 
of  the  hosts  was  9  days  for  the  original  clone  and 
for  the  5  aubolonee,  while  the  survival  time  of  the 
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remaining  Subclone-6  was  10  days.  Any  significant 
differences  in  the  survival  time  were  not  detected 
before  and  after  chromosomal  changes  of  Subclone-1 
and  Subclone-6.  The  ascitic  picture  of  each  tumor 
line  was  also  quite  similar.  It  was  characterised 
by  individual  proliferating  tumor  oells,  however, 
the  eise  of  the  living  tumor  oells  varied  with  the 
cell  strains.  Cells  of  near-tetraploids  such  as 
8uboloae-l,  Subolone-3  and  Subclone-6,  were  larger 
than  those  of  near -diploids,  i.e.  the  original  clone, 
Sub clone-2,  Subclcne-4  and  Subclone-3  (Table  4). 


Table  4 


Diameter  of  Tumor  Cells 


Tumors 

Diameter  in  u 
(M.  +  S.D.) 

CL-1-AH-66F 
(orig.  olone) 

14.1  +  1.3 

Subolone-OL 

16.9  +  0.7 

flubolone-2 

13.6  ♦  1.3 

Subolone-3 

18.O  +  1.3 

8ubolone-4 

13.5  ♦  l.l 

Subolone-3 

14.7  ♦  1.1 

Subolone-6 

17.4  ♦  1.4 

o 


Measured  on  living  100  cells  of 
fresh  4-day-old  asoltes  in  a 
chamber  with  a  depth  of  0.1  hi, 
using  NIXGff  filar-micrometer. 


ascites  of  eaoh  tumor  line  mas  aoeompanied  by 
Ly  9  days  after  the  intraperltoneal 
treiej) citation  uhen  small  local  invasions  in  various 
peritoneal  tissues  were  naeroeeopieslly  detected. 
Distant  netastamss  sere  frequently  eeem  in  the  medi¬ 
astinal  lymph  sodas  and  eons  times  in  the  lunge*  Ve 
difference  eould  be  found  in  the  ineldemee 

of  local  iavaaicn  and  metaetaeee  of  the 


linos. 


14 


? 


IV 


COMMENT 


The  present  study  shows  the  cellular  variability 
of  *  eingle-cell-derived  cancer  clone.  This  can  be 
concluded  from  the  fact  that  cells  of  a  clone  differ 
from  each  other  in  their  natural  resistance  to  HNg  N- 
oxl de.  Therefore ,  the  drug  resistance  of  the  clone 
la  the  averaged  sum  of  that  of  all  its  constituents 
with  different  degrees  of  resistance.  It  is  said 
that  oosparable  and  chroaosonally-different  cancer 
olones  differ  from  each  other  in  their  physiological 
and  iamunological  characteristics. 2)  However,  it  was 
lapoaa*ble  in  this  study  to  find  out  any  clear  corre¬ 
lation  between  the  degree  of  natural  resistance  to 
BNs  N- oxide  and  chroaosomal  features  of  the  present 
subclones J  MED  varied  even  if  the  chromosomal  feature 
was  the  same  and  vice  versa,  the  MED  was  similar  when 
the  ploldy  was  different. 

The  drug  resistance  and  chromosomal  constitution 
during  serial  animal  passages  of  the  original  clone 
and  its  subclones  in  compatible  rats  were  examined 
repeatedly.  The  results  showed  that  the  HM2  H-oxide 
KID  varied  within  a  certain  range  but  there  was  a 
tendency  for  the  high  or  low  MED  to  approach  that  of 
the  modal  MED  c?  the  original  clone.  Thus,  the  var¬ 
iation  in  HHg  N- oxide  resistance  could  not  be  the 
result  of  a  stable,  genetic  change  of  oells  but  of  a 
physiological  or  adaptive  change.  Occurrence  of 
varied  MSDs  may  be  explained  as  the  result  of  vari¬ 
ation  of  the  frequency  ratio  of  the  cello  nith  fluctu¬ 
ated  and  different  reaiatance  in  the  clonal  and  sub- 
elonal  populations  during  animal  passages. 

It  was  also  demonstrated  that  the  shift  from 
the  near-diploid  to  the  near-tetraploid  in  chromo¬ 
somes  occurred  in  J  eubelonee.  The  ploldy  variation 
oould  be  exprt  ,ed  ea  2n'  -+  bn*  4n’-x.  Similar 
variations  have  been  observed  in  different  rat  aaoitea 
tumors.*'  During  animal  paeaagea  of  the  original 
alone,  a  alight  shift  was  found  in  tha  modal  chromo¬ 
some  number*  This  change  waa  transient,  however,  re¬ 
verting  baek  to  the  original  modal  number. 

Generally,  it  eaa  be  said  that  near-tetraploid 
tumor  oella  arise  from  a ear- diploid  timer  oells  and 
mm  of  the  polyploids  predominate  the  tumor  eell 
popmlatlem  in  mortals  hosts.  This  phenomenon,  so  for 
M  observed  till  mow,  la  e  stable  change  during  atri¬ 
al  transplant  generations,  although  alight  variatlans 
1*  tha  throaweons  number  from  4n*  were  found.  It  wee 


* 


difficult  to  ascertain  the  significance  of  these 
changes  on  inheritable  characteristics  of  these  ma¬ 
lignant  cells.  On  the  other  hand,  the  transient 
slight  variation  in  the  modal  ohromosome  number  in 
the  CL-1-AH-66F  clone  was  an  interesting  fact.  Its 
mode  of  apperance  or  significancer  can  not  be  ex¬ 
plained!  although  it  may  be  due  to  the  development 
of  variant  with  higher  growth  advantage*  Another 
possibility  may  be  that  the  change  was  the  result  of 
altered  host  conditions*  Of  course  both  mechanisms 
may  not  be  mutually  exclusive.  Similar  explanations 
may  be  required  for  the  fact  of  eatablir  .ment  of 
Subclone-6  with  the  modal  chromosomo  number  of  2n'-l, 
37  ,  from  the  original  done  with  the  modal  chromosome 
38* 

No  significant  differences  were  detected  in 
general  biological  characteristics  such  as  transplan- 
tability,  life  span  of  hosts,  local  invasion,  me¬ 
tastatic  ability,  etc*,  among  the  original  clone  and 
its  subclones* 


V.  SUMMARY  AND  CONCLUSION 

Population  analysis  of  a  cancer  clone  derived 
from  a  single  cancer  cell  was  made,  using  a  clonal 
tran3plant-atrain  of  the  rat  ascites  hepatoma,  GL- 
1-AH-66F.  The  natural  resistance  to  nitrogen  mustard 
N- oxide  and  the  chromosomal  constitution  were  studied, 
after  establishing  eubdonal  tumors  from  the  original 
done  CL-1-AH-66F.  The  results  indicated  the  follow¬ 
ing  faote: 

1*  The  canoer  clone  is  not  e  uniform  but  a  complex 
population  of  oella  with  different  degreee  of  drug 
resistance* 

2*  The  degree  of  drug  reeietanoe  of  the  original  done 
and  ita  subdonoe  varies  naturally  within  a  oertaln 
range  during  serial  paseagee  of  them  in  compatible 

homte* 

5*  Vo  specifio  oorr elation  mas  found  between  the  de- 
gree  of  drug  reeietanoe  and  ohromoeomal  feature  of 
the  subolomes* 

fc*  It  mms  suggested  that  the  variable  iFug  resistance 
•f  oenoer  clone  is  not  always  assoclatsd  to  the  ge¬ 
ne  tio  heterogeneity  of  cells  in  the  cancer  done. 
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It.  ABSTRACT 

Population  analysis  of  a  cancer  clone  derived  from  a  single  cancer  cell  was 
^  made,  using  a  clonal  transplant-strain  of  the  rat  ascites  hepatoma,  CL-1-AH-66F. 
i  The  natural  resistance  !ib. nitrogen  mustard  N- oxide  and  the  chromosomal  constitution 
were  stymied,  after  establishing  subclonal  tumors  from  the  original  clone  CL-l-AH- 
66F.  The  results  indicated  the  following  facts: 

1.  The  cancer  clone  is  not  a  uniform  but  a  complex  population  of  cells  with 
differ^ pf  resistance. 

„  2»,  The  dpgree  of  drug  resistance  of  the  orignal  '  ite  subclones 

vwrlee  naturally  within  a  certain  range  during  serial  pas..^  of  the®  in  compati¬ 
ble  .Boats*  .. 

3.  No  specific  correlation  was  found  between  the  degree  of  drug  resistance 
and  C^h«ao8<aei  feature  of  the  subclone a. 

4.  "It  was  suggested  that  the  variation  in  drug  resistance  of  cancer  clone  is 
not  always  associated  to  the  genetic  heterogeneity  of  cells  in  the  cancer  clone. 
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1.  OKIOIKATIHO  ACTIVITY.  s alar  the  e-  J  and  KkkHt 
of  tV*  Mrinetet,  eubcen tractor,  rnl**i  0«|)«tMit  of  Do- 
forjM  activity  off  ether  ottnlMttoa  (corporate  o uthot)  laming 
tie  repost. 

'a.  ISPORT  tfcCWXTY  CLAgWrCATJOR:  Kotor  the  over- 
oil  loeottt?  olMeifietoton  of  Dm  npoiL  Mk«*  whether 
"Rottiotof  Dot*”  la  l*d»M  Narking  to  to  ha  1*  accord- 
mo*  with  appropriate  recucity  regulations. 

2*.  OUCHIPi  Aotooiatlc  downgrading  la  apeciflad  in  DoD  Di¬ 
rective  8200.  )0  md  Armed  Forma  Industrial  Nacaet.  Enter 
troop  atudbar.  Atoo,  when  applicable.  ahow  that  optional 


10,  AVAILAnUTY/UMTATOM  NCmCEfic  Eater  any  Uat*. 
it-Micas  oa  further  dissemination  of  tha  report,  other  than  thoa* 
IspoMd  by  security  classification,  wing  standard  ntitamatn 
such  as: 

(1)  “Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC.  " 

(2)  "Foralgn  announcement  and  dissemination  of  this 
report  by  DOC  is  not  authorised” 

(3)  ”U.  &  Oorereaioat  agencies  cuts  obtain  copies  of 
this  report  directly  from  DDC.  Other  qaallfiad  DDC 


this  report  directly  from  DDC. 
users  shall  request  through 


"U.  ft.  military  agencies  any  obtain  copies  of  this 
report  directly  from  DDC  Other  qualified  users 
shall  request  through 


(S)  "All  distribution  of  thla  report  la  controlled  Qm!- 
Ifled  DDC  usars  shall  request  through 


If  the  report  has  tow  furnished  to  the  Office  of  Tochatoai 
ter  rices.  Dapartaaaat  of  Coansaroe.  tor  sals  to  the  public,  ladi- 
oatn  this  toot  and  enter  the  price,  if  kaoen* 

U.  IWPjjaiElfTAKY  POTEfc  Uee  for  sddiUawsl  expisna- 
tory  wtto. 

12.  WOMSOWMO  MOdnrAKT  ACTlVfYlfi  Enter  tha  mum  of 
too  fgHwilil  project  office  or  laboratory  spoon* ring  (per 
Ip/  for)  the  rwaeareh  and  development  Include  adifcree 

lft  AanHACT;  Enter  an  abstract  firing  a  brief  and  factual 
teaMuary  of  too  dooms  ant  Mwtlri  of  too  report,  even  though 
It  easy  also  appear  eleewhev.  In  tb*  body  of  too  technical  re¬ 
port.  If  additional  epee*  la  required,  a  continuation  towel 
shall  be  attached. 

k  to  highly  deairs  bin  that  toe  abetoeot  of  classified  re¬ 
ports  he  unclassified.  Esc*  perayapb  of  toe  eto  tract  shall 
and  wkh  an  ledi settee,  of  the  adUtory  security  classification 
of  the  laferwattow  to  tb*  paragraph,  repr* seated  or  <T»),  ( SX 

yC),  or(V). 

There  U  no  limitation  oa  the  length  of  the  ehstrect.  How- 
eret,  toe  suggested  length  to  from  llfi  to  329  word* 

11.  KEY  WORD*!  Key  word*  ere  technically  meaningful  term* 
or  abort  phrases  that  characterise  a  report  and  may  be  used  as 
Indus  entries  far  ceuloging  toe  report.  Key  words  must  bo 
selected  so  that  no  security  cl**  ei  fleet  loti  Is  required-  Idea- 
flers,  such  ae  rqulpuent  erode  I  designation,  tred*  name,  mili¬ 
tary  project  <.  ud*  -mese,  geographic  location,  wu  »  be  used  ee 
hey  words  but  will  be  followed  by  en  Indication  of  technical 
contest.  The  assignment  of  IlnY*.  rules,  end  weights  •• 
optional. 


